Aims: Aliskiren inhibits the first step in the renin-angiotensin system (RAS) and recently has been shown to modulate vascular diseases via RAS-dependent and independent pathways. This study aimed to determine the effect of aliskiren-associated direct renin inhibition on endothelial function in patients on hemodialysis via flow-mediated dilatation (FMD) and platelet-derived microparticles (PDMP), as biomarkers of atherosclerosis. Methods: A 12-week prospective study was performed with 24 patients on hemodialysis who were administered 150 mg orally aliskiren once daily for 12 weeks. Results: No significant difference were observed between pre-dialysis, home, and weekly averaged blood pressure at baseline and at 12 weeks (151.5 ± 8.5/80.9 ± 12.9 mmHg vs 150.3 ± 15.3/78.9 ± 21.2 mmHg, 151.4 ± 9.7/82.3 ± 14.7 mmHg vs 151.2 ± 17.7/81.4 ± 10.6 mmHg, and 156.0 ± 18.3/81.9 ± 9.4 mmHg vs 152.5 ± 18.9/81.7 ± 12.3 mmHg, respectively). FMD significantly increased from 2.54% ± 1.45% at baseline to 3.11% ± 1.37% at 12 weeks (P = 0.0267), and PDMP significantly decreased from 13.9 ± 5.8 U/mL at baseline to 10.9 ± 4.5 U/mL at 12 weeks (P = 0.0002). Conclusion: Aliskiren improved vascular endothelial function and platelet-endothelium activation in patients on hemodialysis independent of antihypertensive effect.
Introduction
Cardiovascular diseases are the leading cause of mortality and morbidity in patients on hemodialysis. Hypertension and atherosclerosis play an important role in the development of cardiovascular diseases in such patients [1, 2] . The renin-angiotensin-aldosterone system (RAAS) has a key role in the pathogenesis of hypertension in patients on hemodialysis.
Aliskiren, an orally active and direct renin inhibitor, was the first drug in its class to receive regulatory approval for the treatment of hypertension in 2007. Aliskiren inhibits the first rate-limiting step in the RAAS cascade that involves the conversion of angiotensinogen to angiotensin I and thereby reducing the synthesis of all subsequent components of the cascade [3] . In contrast, an angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) leads to a compensatory rise in the upstream components of the RAAS cascade, including plasma renin activity.
Renin induces various inflammatory reactions, including the activation of thrombogenic molecules [4] and intracellular signaling proteins independent of local angiotensin II [5] , which are mediated via the recently characterized renin receptor [6] . Recently, aliskiren has been shown to modulate vascular diseases such as hypertension [7] and experimental atherosclerosis [8] via a RAAS-dependent or -independent pathway.
Endothelial dysfunction, observed via flow-mediated dilatation (FMD), of the brachial artery is observed during early-stage atherosclerosis and is thought to be a marker of vascular damage and/or a predictor of further cardiovascular events in subjects with cardiovascular disease risk factors [9] [10] [11] . However, microparticles released from platelets may play a role in the normal hemostatic response to vascular injury because of their prothrombinase activity. However, these particles also promote the adhesion of leukocytes to endothelial cells, leading to atherosclerosis [12] . Namba et al reported that patients with acute coronary syndrome and those with stable angina showed high titers of platelet-derived microparticles (PDMP; 33.8 ± 56.9 U/mL and 10.8 ± 8.0 U/mL, respectively) compared with those in healthy individuals (5.9 U/mL) [13] . Therefore, PDMP is also a good marker of thrombotic and atherosclerotic disorders.
This study aimed to determine the effect of aliskiren-associated direct renin inhibition on endothelial function and platelet activation in patients on hemodialysis via FMD and PDMP.
Patients and Methods

Patients
All 178 patients on hemodialysis in our center were enrolled. Patients were considered hypertensive when systolic blood pressure (BP) before the hemodialysis session on the first hemodialysis day of the week was >150 mmHg, even after accurate dry weight control and administration of antihypertensive drugs. Exclusion criteria were age <40 years or > 90 years, a history of stroke, coronary arterial disease, chronic heart disease, and severe arrhythmia (atrial fibrillation, sustained ventricular tachycardia, sick sinus syndrome) and malignancy. All patients gave informed consent. The study was performed in accordance with the Declaration of Helsinki.
Study protocol
The study period was of 16 weeks with a 4-week observation period to fix dry weight and any drugs, including existing antihypertensives, and a 12-week treatment period involving treatment with a fixed dosage of aliskiren. All eligible patients entered the 12-week treatment period during which they were administered 150 mg aliskiren orally once daily in the morning. The dosage of aliskiren was not changed during treatment, regardless of the BP values. In this treatment period, all of anti-hypertensive drugs which had been already prescribed were continued. BPs were measured before and at the end of hemodialysis sessions. Simultaneously, during the week, home BPs were measured after the patient woke in the morning and before bedtime. Weekly averaged blood pressure (WAB), the importance of which was Moriya/Kobayashi/Ohtake/Tutumi/Mochida/Ishioka/Oka/Maesato/Hidaka/Nomura: Aliskiren and Vascular Endothelial Function highlighted in the Japanese Society for Dialysis Therapy guideline [14] , was calculated from 20 points of BP measurements according to our previous reports [15, 16] . The pre-dialysis BP was taken as the average of 3 BP measurements before starting the study and after 12 weeks of study protocol. Blood samples were obtained from arteriovenous shunts on a supine position after 15 minutes resting and before first dialysis sessions of the week. Plasma renin activity (PRA), plasma aldosterone concentration (PAC), high sensitive-C reactive protein (hs-CRP) levels, platelet-derived microparticles (PDMP), and other standard laboratory measurements were performed at baseline and after 12 weeks.
Endothelium-dependent vasodilatation (via FMD)
FMD of the brachial artery was assessed noninvasively using high-resolution ultrasound as described previously in detail [17] [18] [19] . For patients on hemodialysis, measurements were obtained before the first hemodialysis of the week. The subjects were instructed to abstain from smoking and from ingesting alcohol, caffeine, or antioxidant vitamins for at least 12 h prior to testing. The patients were asked to rest in the sitting position in a quiet, dark, air-conditioned room (22-25°C) for 5 min, after which their BPs were assessed using oscillometric methods (Omron Healthcare Co. Ltd., Kyoto, Japan). After the subjects had rested again for at least 15 min in a supine position in the same room, FMD was measured. Ultrasound was performed according to the guidelines for ultrasound assessment of the FMD of the brachial artery [11] . Using a 10-MHz linear array transducer probe, the longitudinal image of the brachial artery on the arm opposite the arteriovenous shunt was recorded at baseline and then continuously for 5 min, from 30 s before to at least 2 min after the cuff deflation that followed suprasystolic compression (50 mmHg above systolic blood pressure [SBP] ). The diastolic diameter of the brachial artery was determined semi-automatically using an instrument equipped with software for monitoring the brachial artery diameter (Unex Co. Ltd., Nagoya, Japan). Briefly, a segment with clear anterior (media-adventitia) and posterior (intima-media) interfaces was manually determined. These border interfaces were then identified automatically on the A-mode waves. The diastolic per-beat diameter of the brachial artery was synchronized with the electrocardiographic R-wave and tracked automatically. FMD was estimated as the percent change in the diameter over the baseline value at maximal dilatation during reactive hyperemia. The FMD inter-session coefficient of variation was 9.5% in our laboratory.
Measurement of PDMP
An enzyme-linked immunosorbent assay (ELISA) kit for the detection of PDMPs [17] [18] [19] was obtained from JIMRO Co. Ltd. (Tokyo, Japan) as described previously in detail [20, 21] . Briefly, a blood sample was collected from an arteriovenous fistula into a vacutainer containing ethylenediaminetetraacetic acid-acid citrate dextrose solution (EDTA-ACD; Nipro Co. Ltd., Japan). The sample was gently mixed by inverting the tube once or twice and then left at room temperature for 2-3 h, followed by centrifugation at 8000 g for 5 min at room temperature. Immediately after centrifugation, we collected 200 µL of the upper layer of supernatant from a 2-mL sample to avoid contamination and stored each sample at -40°C until analysis. The results of the ELISA performed under the current experimental conditions are reproducible. The kit employed 2 monoclonal antibodies directed against platelet glycoproteins CD42b and CD42a (glycoprotein Ib and IX). One U/mL of PDMP was defined as 24000 solubilized platelets/mL in this ELISA.
Statistical analyses
This study was designed to have 80% power to detect a 5mmHg reduction in the blood pressure and 20% change in the titer of FMD and PDMP in the treatment of aliskiren, as compared with the baseline, assuming a two-sided alpha level of 0.05. In power calculation, 25, 68, and 41 patients were needed in the comparison of blood pressure, FMD, and PDMP, respectively. All values were expressed as mean ± standard deviation (SD) or median (range). The paired Student's t test and Wilcoxon signed-rank test were used to compare values between baseline and at 12 weeks. All statistical analyses were performed with StatView 5.0 (SAS Institute, Cary, NC). P values of <0.05 were considered to denote statistical significance. 
Results
A total of 24 patients were treated after the observation period. Of these 24, 21 completed the study. Two patients discontinued treatment because of an adverse event (diarrhea), and 1 patient experienced symptomatic hypotension (Figure 1) . Therefore, 3 patients were excluded from the analysis. Hyperkalemia was not observed in any patients. Table 1 presents the clinical characteristics of the patients. The average age was 66.6 ± 11.4 years, and the duration of dialysis therapy was 61.5 (7-324) months. Pre-dialysis systolic and diastolic BPs were 153.2 ± 8.5 mmHg and 82.8 ± 10.3, respectively. Of the 21 patients, 18 had been taking antihypertensive drugs before treatment, including ACE inhibitors (2 patients), ARBs (16 patients), calcium antagonists (13 patients), α-blockers (4 patients), and α-β blockers (3 patients). Six patients had been taking 3 antihypertensive drugs.
Effect of aliskiren on blood pressure
No significant difference were observed between pre-dialysis systolic BPs at baseline and at 12 weeks (151.5 ± 8.5 mmHg vs 150.3 ± 15.3 mmHg, respectively; Figure 2A ). With regard to home systolic BPs, no significant difference was observed between BPs at baseline and at 12 weeks (151.4 ± 9.7 mmHg vs 151.2 ± 17.7 mmHg, respectively; Figure 2B ). WAB decreased slightly from 156.0 ± 18.3 mmHg at baseline to 152.5 ± 18.9 mmHg at 12 weeks. However, the change was not significant ( Figure 2C) . No significant differences were observed between diastolic blood pressures at baseline and at 12 weeks ( Figure 3A-C) ; pre-dialysis BP (80.9 ± 12.9 mmHg vs 78.9 ± 21.2 mmHg), home BP (82.3 ± 14.7 mmHg vs 81.4 ± 10.6 mmHg), and WAB (81.9 ± 9.4 mmHg vs 81.7 ± 12.3 mmHg).
Effect of aliskiren on the RAAS system and hs-CRP level
PRA decreased significantly from 2.36 ± 3.23 ng·mL
·h -1 at baseline to 1.22 ± 1.67 ng·mL -1 ·h -1 at 12 weeks (P = 0.0415). Contrary to the change of PRA, PAC increased significantly from 88.1 ± 35.7 pg/mL at baseline to 109.4 ± 28.6 pg/mL at 12 weeks (P = 0.0019). hs-CRP levels did not show any significant change.
Changes of FMD and PDMP
FMD significantly increased from 2.54% ± 1.45% at baseline to 3.11% ± 1.37% at 12 weeks (P = 0.0267; Figure 4 ). PDMP significantly decreased from 13.9 ± 5.8 U/mL at baseline to 10.9 ± 4.5 U/mL at 12 weeks (P = 0.0002; Figure 5 ). Of 21 patients, 19 showed a decrease in PDMP. However, the change in FMD did not significantly correlate with the change in PDMP.
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Discussion
The major finding of our present study was that aliskiren, a direct renin inhibitor, improved FMD and PDMP, regardless of the effect of lowering BP. Previously, aliskiren had been shown to modulate vascular diseases such as hypertension [7] and experimental atherosclerosis [8, 22] via RAS-dependent and independent pathways. However, the effect of Moriya/Kobayashi/Ohtake/Tutumi/Mochida/Ishioka/Oka/Maesato/Hidaka/Nomura: Aliskiren and Vascular Endothelial Function renin inhibitors on endothelial function in humans is not yet clear. Therefore, we focused on the effects of direct renin inhibition by aliskiren on FMD and leukocyte-endothelial interaction in humans, especially patients on hemodialysis who were prone to atherosclerotic diseases.
Lu et al. [8] reported that aliskiren dramatically reduced the atherosclerotic lesion size in a dose-dependent fashion in the experiments that were conducted over 12 weeks. The study suggested that macrophages without renin or with renin inhibitor protected against plaque development and expansion. Ino also reported that aliskiren-associated renin inhibition profoundly reduced leukocyte recruitment in perivascular cuff injury-induced acute vascular inflammation in mice, independent of BP [23] . A significant component of the cardiovascular protection appeared to be independent of BP lowering, suggesting important and direct roles for the RAAS within the arterial wall itself.
PDMPs play an important role in the clotting process. Therefore, an increase in PDMPs is may cause hypercoagulability. In addition, PDMPs promote the expression of adhesion molecules via monocytes and endothelial cells, and these microparticles may participate in the development or progression of atherosclerosis [12] . High shear stress can initiate both platelet aggregation and shedding of procoagulant-containing PDMP, suggesting that PDMP generation by high shear stress occurs in small diseased arteries and arterioles.
The average titer of PDMP in patients on hemodialysis in this study was 13.9 ± 5.8 U/mL at baseline, which was higher than that of patients with angina (10.8 ± 8.0 U/mL), according to the study by Namba [13] . In other words, patients on hemodialysis have a higher risk of thromboembolic and atherosclerotic events than patients with angina. Namba revealed that a high PDMP level was an independent predictor for secondary thrombotic events. From these data, aliskiren has a potential to reduce atherosclerotic events in patients on hemodialysis by inhibiting platelet aggregation.
With respect to the mechanism of renin inhibitor on endothelial function, Imanishi reported that aliskiren improved impaired oxide bioavailability and protected against atherosclerotic changes [24] . In addition, Morishita reported the effects of aliskiren on BP and the predictive biomarkers for cardiovascular disease by improving oxidative stress in hemodialysis patients [25] . These results suggest that aliskiren improves endothelial function by regulating oxidative stress and inhibiting leukocyte-endothelial interaction, thereby protecting against atherosclerosis.
ACE inhibitors and ARBs also have an effect on endothelial function. However, the present study showed that aliskiren had an additional effect in patients who were previously being administered these drugs. In this respect, several studies have shown an association of elevated PRA with an increased risk of cardiovascular events, and some reports have pointed out a potential role for renin receptor in RAAS-independent signaling by renin [4, 6, 26] .
In our study, BP did not change significantly with the 150 mg of aliskiren that had been reported to be effective in other study [25] . This study showed that 16 out of 25 patients had medication of ACE inhibitor or ARB, and 150mg of aliskiren decreased blood pressure significantly. However, baseline blood pressure of this study was 169.0±20.1mmHg and higher than that of our study. In our study, the dosage of aliskiren was fixed without any target of blood pressure. It might not be sufficient to control blood pressure in patients on hemodialysis who already had resistance to several types of antihypertensive drugs. 300mg of aliskiren might decrease blood pressure significantly. Aliskiren showed improvement of FMD and PDMP regardless of the effect of lowering BP. For this reason, partial RAAS blockade may be sufficient to control endothelial function and adhesion molecules, and regulation of renin is more important to control endothelial function rather than other components of the RAAS cascade.
This study has some limitations. First, a placebo control or cross-over design is lacking and the number of patients recruited in this study was small. The subjects were under various medications, including RAS blockade. Selection bias and medication might have affected the results. Second, several studies demonstrated that aliskiren decreased both the level of plasma renin activity and plasma aldosterone concentration in patients without renal dysfunction. However, the present study showed that patients on hemodialysis had increased
